The gene constitution of an individual river population of the chum salmon was compared with that of other river populations by genetic distance calculated from the allelic frequencies at six isozymic loci, Idh-A2, Idh-B2, Ldh-A1, Mdh-B1, Pgm-B2 and Aat-A1, which are surveyed by starch gel electrophoresis. A matrix of genetic distances among river populations indicated that an individual river population could not be regarded as a completely genetic isolated popula tion because of exchange of individuals with neighbouring river populations.
The gene constitution of an individual river population of the chum salmon was compared with that of other river populations by genetic distance calculated from the allelic frequencies at six isozymic loci, Idh-A2, Idh-B2, Ldh-A1, Mdh-B1, Pgm-B2 and Aat-A1, which are surveyed by starch gel electrophoresis. A matrix of genetic distances among river populations indicated that an individual river population could not be regarded as a completely genetic isolated popula tion because of exchange of individuals with neighbouring river populations.
Analysis of a correlation between geographic and genetic distance among river populations revealed three routes of homing migration for spawning. The correlation also revealed that gene constitutions of two river populations separated by more than about 600km along the homing migration routes could be regarded as practically independent of each other.
Chum salmon, Oncorhynchus keta, return to the rivers in North Japan for spawning in the autumn. Tagging studies have indicated that many chum salmon return from oceanic feeding grounds in the north Pacific to their birth river. 1, 2) Only a small proportion of returning salmon stray into neighbouring rivers. 3, 4) The homing migration occurs from north to sout passing down the Pacific Ocean and Japan Sea coasts of Hokkaido and Honshu. The Tsugaru Straits between Hokkaido and Honshu connect the Pacific Ocean with the Japan Sea providing alternate migration routes for salmon returning from north to south (Fig. 1) . If the Straits are open to migratory salmon then rivers on the Pacific and Japan Sea coasts of Honshu are separated by a few hundred kilometres. If the Straits are closed to migrating salmon then the rivers are separated by 2000 or more km. Such differences are relevant to geographical differentiation of chum salmon stocks.
The different migration routes are likely to have different genetic consequences. Genetic studies on chum salmon have shown that river population are independent of each other in allele frequencies at isozymic -loci. 4, 5.) Geographic cline in, allele frequencies were observed along both the Pacific Ocean and Japan Sea coasts of Honshu indicative of limited gene flow between neighbouring rivers. 4, 5) The genetic differences and similarities between river populations of chum salmon can be summarized as genetic distances ; 6) the observed genetic distances being a reflection of the rate and extent of gene migration between neighbouring river populations. Genetic distances would be expected to be small between neighbouring rivers and large between geographically isolated rivers. In the Japanese monkey, Macaca fuscata fuscata, there is a significant positive correlation between genetic distance and geographic distance 7) and a linear correlation has been reported between genetic and geographic distances in populations of the Scandinavian moose, Alces alces. 8)
In this paper we examined the relationship between geographic and genetic distance in river populations of chum salmon in North Japan and discuss the relevance of genetic distance to the alternative migration routes for returning chum salmon.
Materials and Methods
Samples of chum salmon Oncorhynchus keta were collected in 1977 or 1978 from 37 rivers in Hokkaido and the Pacific Ocean and Japan Sea coasts of Honshu in North Japan (Fig. 1) . The allelic distributions at six loci, Idh-A2, Idh-B2, Ldh-A1, Mdh-B1, Pgm-B2 and Aat-A1, were s urveyed by starch gel electrophoresis. 9, 10) Lists o f allele frequencies at these six loci were given in previous papers 4, 5) and added the other new data. Genetic distances between river popula-IO Table 1 . A matrix of genetic distance (below diagonal) and geographic distance (above diagonal)
The values in parenthesis represent the geographic distance in routes IV and V as explained in the text. tions were calculated from allele frequencies at the six loci using the formula reported by KmmA.
Geographic distance between river populations was calculated as the shortest-straight-line distance (km) along the coast from estuary to estuary. The maximum geographic distance between all rivers was calculated as one line, assuming that the Tsugaru Straits are closed (Fig. 2, route I) . Assuming a route of homing migration for spawn ing from north to south, there are four possible routes belonging to two cases. In the first case in which the Tsugaru Straits are assumed to be closed, the geographic distances were calculated along the coast from off Nemuro to Japan Sea coast of Honshu through Okhotsk Sea and Japan Sea coasts of Hokkaido (route II), and to the Pacific Ocean coast of Honshu through the Pacific Ocean coast of Hokkaido (route III), as shown in Fig. 2 . In the second case in which the Tsugaru Straits are assumed to be open, the geographic distances were calculated along the coast from off Nemuro along the Japan Sea coast of Hokkaido through the Tsugaru Straits and down the Pacific Ocean coast of Honshu (route IV), an from off Nemuro along the Pacific Ocean coast of Hokkaido through the Tsugaru Straits and along the Japan Sea coast of Honshu (route V), as shown in Fig. 2 .
The Ushiwatari, Takibuchi, Takase and Gakkoh rivers are located within the same estuary. and so average value of their genetic distances was used. The matrix of genetic distance and geographic distance was made between every pair of river populations (Table 1) .
Results
The matrix of genetic distance is shown under the diagonal in Table 1 A matrix of geographic distances (km) is given above the diagonal of Table 1 . The values in parenthesis represent the distance in the routes from off Nernuro along Japan Sea coast of Hokkai- Geographic and genetic distances are plotted in Fig. 3 . No correlation was observed over the whole rivers (route I). There is a positive cor relation in two routes from off Nemuro to Japan Sea coast of Honshu via the Japan Sea coast of Hokkaido (route II) and from off Nemuro to the Pacific Ocean coast of Honshu via the Pacific Ocean coast of Hokkaido (route III). Correla tion coefficients between geographic and genetic distance are given in Table 2 . The correlation coefficient of all rivers (route I) and route IV can be regarded as 0. A significant correlation is observed in route II, III and V, indicating that there are likely routes for the homing migration of chum salmon.
Route IV would not appear to be a likely route for the homing migration in Japanese chum salmon. The genetic distance between river populations located along the three different routes would be independent of the geographic distance between them, while the genetic distance between river populations located along the same route would be considered to increase from a small value to the same level as that between river populations along the different routes.
Thus, it is of interest to evaluate the geographic distance along the same route over which the genetic distance is at the same level as the genetic distance between river populations along different routes. The relation of mean genetic distance with mean geographic distance in intervals of 100km is shown in Fig. 4 . Genetic distance increases rapidly in up to about 600km, but is station ary in distances above about 600km, sug gesting that the effective geographic distance of gene migration is less than about 600km. There fore the gene constitutions of two river popula tions separated by more than about 600km can be regarded as practically independent of each other.
Discussion
The population structure of teleost species is complex concept. A species may be subdivided into several populations with varying degrees of gene flow between the populations. KIMURA and MARUYAMA11) have constricted a computer simulation of a stepping-stone model so that the species consists of an array of subpopulations within a gridlike arrangement.
The effective size of each subpopulation is N and each sub population exchanges individuals with four ad jacent subpopulations at the rate of m in each generation.
If a pair of selectively neutral alleles is segregating, marked local differentiation of gene frequencies could occur when mN<1, but could not occur when mN>4. 11) For the present data on chum salmon it would be undoubtly con sidered to fit the case of mN<1. NOZAWA et al.7) calculated correlation coeffici ents between the geographic and genetic distances in troops of Japanese macaques and revealed a significantly high correlation between troops separated by less than 100km on the same island. They concluded that the gene constitutions of two troops separated by more than 100 km can be regarded as practically independent of each other and that gene migration from one troop to another occurs in a circle with a radius of no more than 100km. RYMAN et al. 8) observed a signi ficant spatial heterogeneity in the allele frequency distributions of Scandinavian moose, which is potentially highly mobile animal, and indicated that approximately 10% of the total genetic varia tion is attributable to differences between localities. They also observed a statistically significant correlation between geographic and genetic dis tance and explained the correlation to be attributa ble to gene migration.
From our analyses, a river population of chum salmon is not a complete genetic isolate but the rate of gene exchange between river populations is low. The geographic distance for the gene migration was estimated as a maximum of about 600km along the routes of homing migration from north to south. A similar value of 300-800km was estimated from tag return studies. 12) We conclude that there are three routes of homing migration for spawning in Japanese chum salmon and gene constitutions of two river populations separated by more than about 600km along the homing migration routes could be regarded as practically independent of each other.
The recently transplantation of eggs from one river population to another will have the effect of reducing genetic distances between chum salmon populations.
KIJIMAB6) has indicated that in Hokkaido the genetic distance between trans planted river populations and original river popula tions has decreased according to the average rate of transplantation.
If transplantation of eggs has been effectively carried out without relevance to geographic distance, the correlation between geographic and genetic distance would not be observed.
But the result indicates the clear correlations.
